for more than 20 years, the function of these proteins in olfactory signal transduction remains unclear.
Results
Olfactory Neurons in T1 Sensilla Are Insensitive to VA in lush Mutants Using single sensillum recording techniques (de Bruyne et al., 1999), we assayed the electrical activity of trichoid olfactory neurons from lush mutant animals to determine if there were defects in sensitivity to odorants compared to controls. Differences were observed between wildtype and lush mutants consistent with previous behavioral studies (see below). However, more stunning was the observation that a subset of trichoid neurons is completely insensitive to 11-cis vaccenyl acetate pheromone. is a specific requirement for LUSH by T1 neurons to Figure 2A shows that wild-type male and female flies produce normal spontaneous activity. These differences are equally attracted to wild-type male flies placed in are not due to male flies "smelling" themselves, as virgin odor traps, consistent with previous work indicating that females, which completely lack VA, showed identical VA functions as an aggregation pheromone. Behavioral responses as males. Furthermore, we eliminated rig attraction of lush mutant flies to wild-type males is signifcontamination with VA as a source of spontaneous activicantly reduced compared to control flies. When female ity, as virgin female flies responded appropriately to flies are used as bait, we found that male flies showed genotype both under charcoal-filtered air and in still air an increased attraction compared to females, but there (data not shown). Normal spontaneous activity rates are was no difference in this attraction between wild-type restored to T1 neurons upon introduction of a transand lush mutants ( Figure 2B ). This suggests the presgenic, wild-type lush gene into the mutants (Figure 3C ), ence of an unknown female cue preferentially attracting clearly establishing that this odorant-independent remales, but this behavior is independent of LUSH, as no duction in neuronal activity is dependent on lush exdifference is observed in these mutants.
11-cis vaccenyl acetate has been implicated as a volatile pheromone in
pression. When VA was substituted for male animals to bait the odorant traps, we found even more dramatic differences LUSH Is Not Required to Establish Cell Fate between wild-type and lush mutants ( Figure 2C) . 1% VA or Development of T1 Neurons induces attraction in wild-type flies that is similar to Spontaneous activity is reduced in T1 neurons but not in T2 neurons in lush mutants, despite loss of LUSH that observed for male flies. However, lush mutants are To address when LUSH is functionally required, we In addition to the dramatic effects on T1 neurons in lush mutants, we also identified more subtle defects in a introduced recombinant LUSH protein directly into adult lush mutant T1 trichoid sensilla through the recording subset of T2 neurons that could account for the abnormal chemotactic responses of lush mutants to alcohols. pipette. Figure 4A shows that immediately following penetration of a recording pipette containing recombiWe observed at least two functional types of T2 sensilla in wild-type animals. T2A sensilla, previously described nant LUSH protein, we observed no increase in spontaneous firing rate of the T1 chemosensory neurons, and by Clyne et al. (1997), contain neurons that are inhibited by 1-hexanol but not butanol and ethanol. We also iden-VA fails to elicit responses. However, over a few minutes we observed a gradual increase in the spontaneous tified a second functional type, T2B, containing neurons inhibited by high concentrations of ethanol and butanol. firing frequency, and eventually VA was able to induce robust responses from the T1 neurons (Figure 4) . In
We observe that T2B neurons are defective for inhibition by these odorants in lush mutants ( Figure 5) . some experiments, VA responses could be elicited in as little as 5 min after penetration of the recording piIn wild-type T2B sensilla, at least one and usually Pophof implicated a role for binding proteins in the specby this pheromone. These defects are due specifically ificity of neuronal activation in moths. This work showed to loss of LUSH expression in T1 sensilla, because transthat the wrong pheromone could activate a pheromonesensitive neuron when prebound to an OBP that norgenic expression of LUSH protein restores function. mally binds the activating pheromone (Pophof, 2002 does not confer universal biological activity in vivo. In-
